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Abstract
KATHERINE MARIE MCKITRICK. A Survey of Cone-Beam Computed
Tomographic Use Among General Dentists. (Under the
direction of THEODORE D. RAVENEL, V).
Introduction: The use of CBCT in endodontics has been
gaining momentum with the awareness of its advantages over
conventional periapical radiographs. Many specialty
endodontic practices have incorporated the use of this
technology into their practices and use it on a routine
basis for endodontic diagnosis and treatment planning.
Other dental specialties and general dentists are also
recognizing the advantages of this technology and adopting
it into their practices. The purpose of this study was to
determine general dentist’s use and knowledge of CBCT and
if a CBCT machine in an endodontist’s office affects their
referral pattern.

Materials & Methods: An electronic

survey was sent to the 2200 members of the South Carolina
Dental Association e-mail listserv.

The survey consisted

of 10 questions on knowledge and use of CBCT, access to
CBCT, degree of dental training/specialty, demographics,
and referral patterns to endodontists from general
dentists.

Results: A total of 157 people completed the
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survey in the 2 week timeframe for a total response rate of
7.14%.
Of the respondents who were specialists, 66.67% have a CBCT
on-site for their use versus 23.97% of general dentists.
General practitioners thought CBCT use was warranted
“frequently” or “always” for calcified cases (57.50%),
conventional root canal treatment (20.81%), differential
diagnosis (53.53%), external/internal resorption (73.34%),
identification of periradicular lesions (44.17%), immature
teeth (28.45%), intentional replantation (36.66%), missing
or untreated canals (86.56%), retreatment (84.16%), surgery
(80.50%), to assess healing (28.33%), and vertical root
fracture (70.84%).

Conclusion: There was a significant

difference between general dentists and specialists for
differential diagnosis, external/internal resorption,
missing or untreated canals, retreatment, and vertical root
fracture.

For general dentists who do not have a CBCT

machine on-site, 53.01% said they would be more likely to
refer to an endodontist who did have a CBCT.
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Introduction
The use of cone beam computed tomography (CBCT) in
endodontics has been gaining momentum with the awareness of
its advantages over conventional periapical radiographs.
Many specialty endodontic practices have incorporated this
technology and use it on a consistent basis for endodontic
diagnosis and non-surgical and surgical treatment planning.
Other specialists and general dentists have recognized the
advantages of this technology and are adopting it into
their practices as well.
A comprehensive examination of subjective and
objective information is imperative to obtaining an
accurate diagnosis which can then lead to the correct
treatment. Listening to the patient and their chief
complaint, a thorough medical and dental history, as well
as clinical and radiographic examination, are imperative
(1). The subjective evaluation includes review of the chief
complaint and evaluation of the medical and dental
histories. This is then followed by visual examination of
the soft and hard tissues and pulpal and periapical
specific testing. Typically, pulpal testing includes use of
thermal tests: cold, heat, and electronic pulp test (EPT)
1

when indicated. Petersson & Soderstrom (2) found overall
that cold tests are 86% accurate, EPT 81%, and heat tests
are 71% reliable.
Periapical testing, more accurately, periodontal
ligament (PDL) assessment, is done with percussion,
palpation, and biting tests. One cannot directly visualize
the status of the PDL, so these are considered to be
indirect tests. A painful response to these tests can be
due to periapical disease, soft tissue swelling or boney
enlargement. Painful responses can also be an indication of
trauma. Pain with biting can be further tested using a
Tooth Slooth® which may indicate a root fracture (3, 4).
Examination of the PDL should include documentation of
periodontal probing depths as well. Deep probing depths can
be indicative of periodontal disease, periodontalendodontic lesions, or root fracture. Other testing can
include trans illumination or use of methylene blue dye.
These can all help with fracture detection. Selective
anesthesia is another method used to help localize the
source of pain (5).
Two-dimensional (2D) radiography has been used for
decades as the gold standard in endodontics. Periapical
2

radiographs (PAs) are most commonly used, but bitewing and
panoramic radiographs are also utilized. According to a
classic study by Brynolf (6), exposing three films taken at
various angles versus one film increases the diagnostic
accuracy from 73% to 90%. While 2D images are beneficial,
they are not without limitations. Some of these limitations
include overlap of structures, distortion (foreshortening
or elongation), and limited ability to define the spatial
location of radiographic variations (5).
CBCT has gained significant popularity since it was
first approved for use in dentistry by the U.S. Food and
Drug Administration in 2000 (7). This imaging modality
utilizes a single rotation around the patient with a cone
shaped beam to capture the image. The data is used to
construct high-resolution images that are assembled into a
volume for the practitioner to view in different planes:
axial, sagittal, and coronal. This allows the practitioner
to see the image in three dimensions (8). One particularly
helpful feature of CBCT scans is that, because of the cubic
voxels, the images are dimensionally accurate (5). CBCT is
more sensitive when detecting periapical radiolucencies. A
study by Ee et al found that a correct diagnosis was
obtained in 36.6%-40% of cases when periapical radiographs
3

were used as the imaging modality versus 76.6%-83.3% when
CBCT was used. With the addition of CBCT imaging after
initial diagnosis, 62.2% of the time, practitioners changed
their diagnosis (9). Another study comparing PA radiographs
and CBCT found that periapical radiolucencies were
correctly identified 100% of the time with CBCT imaging
versus only 24.8% of the time with conventional PA
radiographs (10).
According to the joint position statement by the
American Association of Endodontists (AAE) and the American
Academy of Oral and Maxillofacial Radiology (AAOMR), small
field of view (FOV) CBCT scans should be used when
possible. This will help limit radiation exposure to the
patient. Also, smaller FOV scans provide higher spatial
resolution and smaller volumes for the practitioner to
interpret (11).
Practitioners must consider radiation dose when
determining appropriateness of CBCT imaging for a
particular patient. Radiation dosage is measured in micro
Sieverts (µSv). For a comparison, periapical radiographs
range from 2-8 µSv and limited FOV CBCT images range from
5-652 µSv (5). It is important to practice ALARA (as low as
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reasonably achievable) principles when considering the type
of image to be captured (11).
It is essential to utilize all information gathered
during the examination. Deriving a treatment plan based on
the patient’s chief complaint or radiographs alone can
result in the rendering of improper treatment. The purpose
of this study was to determine general dentist’s use and
knowledge of CBCT and if a CBCT machine in an endodontist’s
office affects the referral pattern of general dentists.
Materials & Methods
A cross-sectional study was conducted of a convenience
cohort from July 15 - July 31, 2017. A link to the survey
in RedCap was sent electronically through the South
Carolina Dental Association (SCDA) listserv to all 2200
members. By clicking on the survey link, participants were
consenting to participate in the survey and informed that
the responses were anonymous. No reminder e-mails were sent
out as the SCDA only permits one e-mail to be sent to their
listserv per study. The author did not have contact
information for any of the possible or actual participants.
The e-mail contained a rationale for the survey and
informed recipients that the research study was for a
5

thesis project of an endodontic post graduate
resident/student. The questionnaire contained ten questions
regarding demographics, practice set up, regional location
of practice, dental specialty (if applicable), relevance of
CBCT in various instances, and referral patterns.
Specifically, the questions were as follows: 1. Please
state your age group. Possible responses included: ≤35
years, 36-45 years, 46-55 years, ≥56 years. 2. Type of
practice. Options included: solo private practice, group
practice, clinic setting (i.e. faculty practice), as a
resident, and I do not practice clinical dentistry actively
(i.e. strictly research oriented). 3. Where do you
practice? Answer options included: northwest, southwest,
northeast, southeast, Midwest, the south. 4. Are you a
specialist? Participants were to answer yes or no. If they
answered yes, they were asked to select their specialty:
endodontics, oral & maxillofacial pathology, oral &
maxillofacial radiology, oral & maxillofacial surgery,
orthodontics, pedodontics, periodontics, prosthodontics, or
public health. If respondents replied no, they were asked
the following question (question 5): If you are not a
specialist, did you attend an AEGD (advanced education in
general dentistry) or GPR (general practice residency)?
6

They were to answer yes or no. 6. Years since graduating
from dental school, specialty training, or AEGD/GPR?
Response options included: ≤5 years, 6-10 years, 11-20
years, or ≥21 years. 7. Do you have access to a CBCT for
your clinical practice? Possible responses included: “yes,
on-site in the office,” “yes, off-site,” “no,” “no, I refer
patients for CBCT imaging,” “no, but I am planning to
purchase one for use in my clinical practice.” 8. If you
refer patients for CBCT imaging, who do you refer patients
to? The four responses included: endodontist, oral surgeon,
periodontist, and other (please write in a response). In
question 9, participants were asked: In terms of
endodontics, when do you think CBCT is warranted? They were
given a table with 12 scenarios and asked to fill in one of
the following responses: “never,” “rarely,” “occasionally,”
“frequently,” or “always.” They were also given another
line to fill in a scenario if they desired (Table 1).
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Never

Rarely

Occasionally

Frequently

Always

Calcified
Cases
Conventional
Root Canal
Treatment
Differential
Diagnosis
External/
Internal
Resorption
Identifying
Periradicular
Lesions
Immature
Teeth
Intentional
Replantation
Missing or
Untreated
Canals
Retreatment
Surgery
To Assess
Healing
Vertical Root
Fracture
Other, please specify: ____________________
Table 1. Question 9 asked participants to select the
appropriateness of CBCT imaging in different circumstances
related to endodontics.

The final question (question 10) asked: If an
endodontist has a CBCT machine, does it increase the
likelihood you would refer patients to them? They were
given the option to select yes or no. For questions 1-8 and
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10, respondents were only permitted one answer. Fisher’s
Exact tests were used for data analysis.
Results
A total of 157 people responded to the electronic
study resulting in an overall response rate of 7.14%.

Of

the respondents, 40 (25.64%) were <36 years old, 35
(22.44%) were 36-45 years old, 23 (14.74%) were 46-55 years
old, and 58 (37.18%) were >56 years old. Most of the
respondents practice in the south (18, 11.46%) and
southeast (153, 85.99%) for a total of 153 (97.45%). Only 2
(1.27%) responses each were received from the northwest and
northeast regions. Zero responses were received from the
Midwest and the southwest. Of the respondents, 36 (22.93%)
said they were a specialist while the other 121 (77.07%)
were not. The majority of the specialists were endodontists
(n = 12; 33.33%), followed by oral & maxillofacial surgeons
(n = 7; 19.44%), pedodontists (n = 5; 13.89%),
periodontists (n = 4; 11.11%) tied with prosthodontists (n
= 4; 11.11%), orthodontists (n = 3; 8.33%), and oral &
maxillofacial pathologists (n = 1; 2.78%). No responses
from oral and maxillofacial radiologists or public health
specialists were received. Of the 121 general dentist
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respondents, 94 (77.69%) did not attend an AEGD or GPR
while the other 27 (22.31%) did. Participants were asked
the number of years since graduating from dental school,
specialty training, or AEGD/GPR.

A total of 35 (22.44%)

respondents graduated <6 years ago, 21 (13.46%) left school
6-10 years ago, 30 (19.23%) finished 11-20 years ago, and
70 (44.87%) graduated >21 years ago.
Next, participants were asked questions pertaining to
CBCT.

The first question asked if they have access to a

CBCT for clinical practice. Most of the respondents (n =
53; 33.76%) said “yes, on-site in the office.” The
remaining responses were: “yes, off-site” (n = 11; 7.01%),
“no” (n = 48; 30.57%), “no, I refer patients for CBCT
imaging” (n = 42; 26.75%), or “no, but I am planning to
purchase one for use in my clinical practice” (n = 3;
1.91%) (Figure 4). Participants who responded “no, I refer
patients for CBCT imaging” received the follow up question,
“To whom do you refer your patients requiring CBCT?” Of
those respondents, 28.57% refer to endodontists, 45.24% to
an oral surgeon, and 26.19% refer to a periodontist (Figure
2). Respondents were additionally asked, “If an endodontist
has a CBCT machine, does it increase the likelihood you
would refer patients to them?” Most people responded “yes”
10

(n = 50; 53.76%) while 43 (46.24%) responded “no” (Figure
1).
Figure 3 illustrates an overview of answers to
question 9 which gave 12 scenarios for respondents to
answer regarding when they believe CBCT is warranted
pertaining to endodontics. When answers for “frequently”
and “always” were combined, 81.94% (n = 127) of respondents
thought CBCT was warranted for missing or untreated canals,
79.49% (n = 124) for retreatment cases, 79.22% (n = 122)
for surgery cases, 69.87% (n = 109) for external/internal
resporption, and 64.10% (n = 100) for possible vertical
root fracture.
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60%

53.76%

Percentage

50%

46.24%

40%
30%
20%
10%
0%
Yes

No
Answer

Figure 1. Answers to Question 10: If an endodontist has a
CBCT machine, does it increase the likelihood you would
refer patients to them?
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26.19%

45.24%

28.57%

Oral Surgeon

Endodontist

Periodontist

Figure 2. Percentages of respondents for question 8: To
whom do you refer your patients requiring CBCT?
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Figure 3. Survey responses to twelve scenarios to determine
practitioner’s opinions of when CBCT imaging is warranted
as they relate to endodontics.
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1.91%

26.75%

33.76%

30.57%
7.01%

Yes, On-site
No
No, planning to purchase

Yes, Off-site
No, refer

Figure 4. Percentages of practitioners with access to CBCT.

Discussion
This survey aimed to assess practitioners use and
knowledge of CBCT as well as to determine if general
dentists preferred referring to an endodontist with a CBCT
machine. This study also looked at dentist’s knowledge of
CBCT imaging and its use.
The overall response rate was 7.14%. The low rate of
respondents from the northwest and northeast was not
surprising since the survey was sent to members of the
SCDA. A reminder e-mail may have increased the number of
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responses; however, restrictions from the SCDA did not
permit this. Survey fatigue, previously discussed by Setzer
et al, may also have been a reason for the low response
rate. They describe this concept as “a decrease in
motivation to answer electronic questionnaires” (12). This
survey was based off of Setzer’s 2017 electronic survey of
endodontists which had a significantly higher overall
response rate of 35.2% (12). Their survey was sent
electronically to members of the American Association of
Endodontists. Setzer and his research group are well known
in the endodontic community which may have increased the
number of people willing to participate in the study.
Of the 26.75% of participants in this study who refer
patients to specialists for CBCT imaging, only 28.57% refer
to endodontists. General dentists refer to oral surgeons
(45.25%) more frequently, but to periodontists (26.19%)
less often. The reason for this was not explored in the
context of this study. A possible explanation is that the
general dentist does not know that this service is offered
by their local endodontist.
This study found that 40.77% of respondents have
access to a CBCT machine either on or off-site. There was a
16

statistically significant difference between general
dentists and specialists for this question (question 7). If
the above percentage is broken down further, only 31.40% of
general dentists in this study have access to a CBCT
machine versus 72.22% of the specialists who responded.
This may imply that specialist’s place a greater value than
the general dentist on the information obtained from a CBCT
scan.
Question 9 asked all participants to decide when CBCT
imaging is warranted for specific endodontic scenarios.
The most common reasons for utilizing this technology when
general dentists and specialists were combined were:
missing or untreated canals, retreatment, surgery,
external/internal resorption, and vertical root fracture.
There were statistically significant differences (p < 0.05)
between general dentists and specialists when it came to
missing or untreated canals, retreatment, differential
diagnosis, external/internal resorption, and vertical root
fracture.
The AAE and AAOMR position statement outlines
recommendations for limited FOV scans. Recommendations are
included for endodontic diagnosis, use before or during
17

initial endodontic treatment, nonsurgical retreatment,
surgical retreatment, and implant placement. Many of these
guidelines include specifics regarding assessment of
healing, localization of critical structures including root
apices and anatomical landmarks, and identification of
procedural misadventures. It also specifically states
“limited FOV CBCT should be considered the imaging modality
of choice if clinical examination and 2D intraoral
radiography are inconclusive in the detection of vertical
root fracture” (11).
Studies by Edlund et al and Metska et al found that
CBCT had higher diagnostic accuracy when detecting vertical
root fracture in vivo than clinical examination with 2D
radiography alone (13, 14). However, Chavda (15) found no
statistically significant difference when detecting
vertical root fractures between 2D and CBCT imaging. An in
vitro and in vivo study performed by Makeeva et al found
that the detection of vertical root fracture using CBCT
imaging is dependent on the width of the fracture.
According to their study, a fracture must be at least 150µm
or the size of a 15 K file to be detected using CBCT (16).
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As discussed previously, CBCT has gained in popularity
because high resolution, dimensionally accurate images can
now be captured and viewed in three dimensions (5, 8).
While CBCT imaging is invaluable, there does seem to be
some uncertainty about its use in detection of vertical
root fractures.
Conclusion
This survey showed there is a wide variety of opinions
among practitioners about the application of CBCT imaging
in endodontics. CBCT training in dental schools and
residency programs is increasing. More practitioners are
seeing the benefit of CBCT and utilizing the technology in
their dental practices. There appears to be some
discrepancy as to when specialists versus general dentists
believe CBCT imaging is warranted. Endodontists can provide
education to both the general dentist and the patient on
the benefits and indications of CBCT. Future research
considerations should include a larger sample size such as
a nationwide survey.

19

References
1.
Fayad M, Johnson BR. 3D Imaging in Endodontics - A New
Era in Diagnosis and | Mohamed Fayad | Springer. 2018.
2.
Petersson K, Soderstrom C, Kiani-Anaraki M, Levy G.
Evaluation of the ability of thermal and electrical tests
to register pulp vitality. Endod Dent Traumatol
1999;15(3):127-131.
3.
Owatz CB, Khan AA, Schindler WG, Schwartz SA, Keiser
K, Hargreaves KM. The incidence of mechanical allodynia in
patients with irreversible pulpitis. J Endod
2007;33(5):552-556.
4.
Seltzer S, Bender IB, Nazimov H. DIFFERENTIAL
DIAGNOSIS OF PULP CONDITIONS. Oral Surg Oral Med Oral
Pathol 1965;19:383-391.
5.
Blicher B, Pryles, Rebekah Lucier, Lin, Jarshen.
Endodontics Review: A Study Guide. Quintessence Publishing
Co, Inc; 2018.
6.
Brynolf I. Roentgenologic periapical diagnosis. II.
One, two or more roentgenograms? Sven Tandlak Tidskr
1970;63(5):345-350.
7.
Fayad MI. The Impact of Cone Beam Computed Tomography
in Endodontics: A New Era in Diagnosis and Treatment
Planning | American Association of Endodontists. In:
Endodontists AAo, editor. Colleagues for Excellence. 2018.
8.
Durack C, Patel S. Cone beam computed tomography in
endodontics. Braz Dent J 2012;23(3):179-191.
9.
Ee J, Fayad MI, Johnson BR. Comparison of endodontic
diagnosis and treatment planning decisions using cone-beam
volumetric tomography versus periapical radiography. J
Endod 2014;40(7):910-916.
10. Patel S, Dawood A, Mannocci F, Wilson R, Pitt Ford T.
Detection of periapical bone defects in human jaws using
cone beam computed tomography and intraoral radiography.
Int Endod J 2009;42(6):507-515.
11. AAE and AAOMR Joint Position Statement. Journal of
Endodontics 2015;41(9):1393-1396.
12. Setzer FC, Hinckley, Nathan, Kohli, Meetu R.,
Karabucak, Bekir. A Survey of Cone-beam Computed
Tomographic Use among Endodontic Practitioners in the
United States - Journal of Endodontics. Journal of
Endodontics 2017;43(5):699-704.
13. Edlund M, Nair MK, Nair UP. Detection of vertical root
fractures by using cone-beam computed tomography: a
clinical study. J Endod 2011;37(6):768-772.
20

14. Metska ME, Aartman IH, Wesselink PR, Ozok AR.
Detection of vertical root fractures in vivo in
endodontically treated teeth by cone-beam computed
tomography scans. J Endod 2012;38(10):1344-1347.
15. Chavda R, Mannocci F, Andiappan M, Patel S. Comparing
the in vivo diagnostic accuracy of digital periapical
radiography with cone-beam computed tomography for the
detection of vertical root fracture. J Endod
2014;40(10):1524-1529.
16. Makeeva IM, Byakova SF, Novozhilova NE, Adzhieva EK,
Golubeva GI, Grachev VI, et al. Detection of artificially
induced vertical root fractures of different widths by cone
beam computed tomography in vitro and in vivo. Int Endod J
2016;49(10):980-989.

21

